Quality for fresh consumption and processing of some non-traditional tropical fruits from Brazil.
Introduction
There are a great number of underexploited, non-traditional fruits in the world [1, 2] . Especially many tropical fruit species remain virtually unknown and absent from international markets [3] . It is estimated that a quarter million plant species have been described around the globe, sixty thousand in Brazil alone -the country with the world's greatest plant diversity. Nearly one thousand fruit species belonging to 80 families are known from the Americas. At least half of these occur in or stem from Brazil. Most have been little studied [4] or never studied.
Northern and Northeastern Brazil feature many non-traditional fruits with attractive commercial aspects. Production is not always limited to extraction, but rational culture is increasing throughout the country. Some species already play an important role in tropical fruit agrobusiness and are produced for both consumption in natura and agroindustrial processing [5] .
In fact, the Brazilian flora is rich in fruit species with promising potential for agriculture, genetic improvement and domestication. The genetic variability remains underexploited compared with the strategic value it represents for the development of new products. Also, as natural populations of fruit trees are endangered by an array of environmental impacts, conservation policies and actions will be necessary to ensure survival and sustainable economic use [6] .
However, domestication and agricultural expansion will primarily depend on the development of essential technical information on these fruit species, ranging from chemical composition to quality seedling production and post-harvest conservation. Thus, the objective of our study was to evaluate the quality properties of 18 non-traditional fruits from Brazil with potential for consumption in natura and agroindustrial processing.
Materials and methods

Chemicals
The reagents used were 9,10-dihydro-9-oxoanthracene (anthrone) from Merck (Hohenbrunn, German); D-(+)-galacturonic acid from Fluka Biochemika (Steinheim, German); 3,5-dinitrosalicylic acid (DNS) from Aldrich (Steinheim, German); D-(+)-glucose anhydrous from Vetec (Rio de Janeiro, Brazil); and m-hydroxydiphenyl from Fluka Biochemika (Steinheim, German). All reagents were of analytical grade.
Samples
Samples were collected from areas of occurrence, commercial orchards and collections in Northern, Northeastern and Southeastern Brazil.
Eighteen fruits were included in the study (figures 1-6) and identified with their common names, family and sample origin (table I) . Fruits were harvested at the commercial maturity stage (completely ripe) and sent to the laboratory for pulp extraction.
Two fruits (assai and jussara, figure 2 ) required special processing due to their highly fibrous epicarp and endocarp and small edible percentage (< 30%). Their pulp and fiber were mechanically separated with a knife and weighed, then distilled water was added (1:2). The mass was homogenized and the inedible parts were discarded. Bacuri pulp ( figure 3 ) was extracted manually with a knife and scissors, and the husk and seed were discarded. For the other fifteen fruits, the pulp and peel were processed and only the seeds were discarded. The final results are reported on a wet weight basis.
Methods
Total soluble solids (TSS) was determined on the filtered pulp; it was analyzed using a digital refractometer (Atago PR-101) with a 0-45 °Brix scale [7] . To assess the soluble sugar (SS) content, 1 g of pulp was diluted in water and/or 80% ethanol and evaluated by the Anthrone method using glucose as a standard. Readings were taken with a Spectronic Genesys 2 spectrophotometer at 620 nm. Results were expressed in % (g glucose·100 g -1 edible portion) [8] . Reducing sugar (RS) concentration was measured from 1 g of pulp diluted in water and/or 80% ethyl alcohol and determined by the DNS method using glucose as a standard. Readings were taken with a spectrophotometer at 540 nm. Results were expressed in g glucose·100 g -1 edible portion [9] .
Following titration with 0.1 N NaOH to a final pH of 8.1, total titratable acidity (TTA) readings were taken with an automatic Mettler potentiometer (model DL 12) and the results were expressed in g acid·100 -1 g edible portion. For acerola fruit and cashew apples the values were expressed as malic acid and for all the remaining fruits as citric acid [10] . pH was measured directly in the pulp following processing. Readings were taken with an automatic Mettler potentiometer (model DL 12), adjusted with buffer solutions at pH 4 and pH 7 [7] . The 
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[TSS / TTA] ratio was calculated by dividing TSS by TTA.
To measure the starch content, the residue from centrifugation at 3000 g was extracted under reflux by hydrolysis with HCl for 2 h, then neutralized with 20% sodium carbonate solution. The final concentrations were determined by the DNS method using glucose as a standard. Readings were taken with a spectrophotometer at 540 nm. Results were expressed in g glucose·100 g -1 edible portion [7] .
Total pectin (TP) was assessed from the pulp weighed and homogenized with 95% ethyl alcohol. The residue was centrifuged with 75% ethyl alcohol and adjusted with 1.0 N NaOH to pH 11.50 and with glacial acetic acid to pH 5.0-5.5 (15:50 v/v). Pectinase was added to the extract and submitted to enzyme hydrolysis for 1 h under shaking. Following centrifugation, concentrations were determined by the m-hydroxy-diphenyl method using galacturonic acid as a standard. Readings were taken with a spectrophotometer at 520 nm. Results were expressed in g galacturonic acid·100 g -1 edible portion [11, 12] . For soluble pectin (SP) measurements, the pulp was weighed and homogenized with 95% ethyl alcohol and the residue was centrifuged with 75% ethanol. The extract was diluted in water and concentrations were determined with the mhydroxy-diphenyl method using galacturonic acid as a standard. Readings were taken with a spectrophotometer at 520 nm. Results were expressed in g galacturonic acid·100 g -1 edible portion [11, 12] .
The fruits were harvested in the same individual (genotype) and the geographical arrangement of the plants was not suitable for an experimental design that could allow the use of analysis of variance. So the assays were performed in triplicate constituted by pulp from samples weighing at least 500 g and results were expressed as mean values ± standard deviation.
Results and discussion
No studies were found in the literature describing the nutritional properties of six of the fruits included in this work: Copernicia prunifera (carnauba) and 
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(jussara) (figure 2); Blepharocalyx salicifolius (murta, figure 6 ); Mouriri guianensis (gurguri), M. elliptica (puçá-coroa-de-frade) and M. pusa (puçá-preto) (figure 5).
Only a few of the 18 fruits studied are presently grown in commercial orchards, although some species are marketed in processed forms such as jam, juice, nectar and, most often, frozen pulp. With regard to the latter, identity and quality standards have been determined by regulations issued by the Brazilian Ministry of Agriculture and Food Supply (MAPA) [13] .
Total soluble solids and sugars
The fruits of the 18 species studied differed considerably in their solids and sugars content: TSS ranged from 4.75°Brix (jussara) to 37.07 (carnauba), SS varied between 1.26% (assai) and 17.74% (carnauba) and RS between 2.53% (jussara) and 9.92% (puçá-preto) (table II) . In general, our findings matched with results reported in the literature for assai, acerola, bacuri, camu-camu, jaboticaba, java plum, mangaba, nance, umbu uvaia and yellow mombin, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] .
Only five of the 18 fruits studied (assai, acerola, cashew apple, mangaba and yellow mombin) are specifically mentioned in the Brazilian legislation [13] . Pulps of the four latter fruits were found to be within the limits of solids and sugars established by law. No limits have been established for assai.
Total soluble sugars usually make up 65-85% of total soluble solids [31] . Our findings showed interspecies variation to be as large as 21% for assai and 89% for bacuri. Sugars play a very important role in the quality of fruit products. The most common types found in fruits are fructose and glucose (reducing) and saccharose (non-reducing). In most of our samples, sugars were predominantly of the reducing type. In seven species, RS represented 36% (bacuri) to 88% (jabuticaba and umbu) of total soluble sugars.
Acidity and [TSS / TTA] ratio
TTA and pH are the main acidity parameters of interest in fruits and vegetables. The pH measurement indicates the level of hydrogen ions in the juice, while TTA indicates the percentage of organic acid [31] . TTA values varied greatly in this study, from 0.20% for cashew apple to 2.92% for camu-camu (table II) . Findings for these two fruits were 
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in accordance with values reported in the literature [21, 32] . pH values ranged between 2.56 (camucamu) and 5.38 (assai). The pH value helps to determine the state of deterioration of most foodstuffs and is therefore associated with food quality and safety [33] . Based on the minimum pH (4.5) required for the multiplication and toxin production of Clostridium botulinum and the minimum pH (4.0) required for the proliferation of most bacteria, the 18 species evaluated in this study may be classified into slightly acid (pH > 4.5: assai, carnauba, gurguri, jussara and puçá-preto), moderately acid (pH 4.0-4.5: cashew apple, jussara, murta and puçá-coroa-de-frade) and highly acid (pH < 4.0) for the others [34] .
As for TSS and SS, pulp produced with samples of the fruits for which regulations exist (assai, acerola, cashew apple, mangaba and yellow mombin) were found to be within the required standards of TTA and pH [13] . 
Starch and pectin
Only eight of the 18 fruits studied displayed starch contents below 1% (table II) . In general, total soluble solids and sugars increase as fruits ripen, making them more palatable. The process is associated with the hydrolysis of reserve starch by α-amylase, β-amylase and/or phosphorylase [35] , reducing starch contents to very low levels, sometimes to virtually zero.
In contrast, in some of our fruits, starch contents were surprisingly high, such as in carnauba (12.65%), nance (7.01%), assai Composition of the 18 Brazilian tropical, non-traditional fruits included in a study aiming at assessing their quality for fresh consumption and processing (% = g of element·100 g -1 edible portion, average ± standard deviation, n = 3). (5.94%) and jussara (4.82%). The starch in fruit pulp is associated with high energy levels and a texture appropriate for fresh consumption in a mashed form, most often mixed with cassava meal or equivalent regional ingredients [16] .
From a nutritional point of view, the importance of starch lies in the fact that it may be partially or totally digested by the enzymes in the gastrointestinal tract and the resulting absorbed on the small bowel [36] . On the other hand, the relatively high starch contents (> 1%) observed in this study can make the juice and nectar processing and stabilization difficult and may impair consumer acceptance due to a starchy taste [16] .
Pectin contents also varied from 0.15% (cashew apple) to 1.27% (nance) for total pectin, and from 0.04% (camu-camu) to 1.49% (carnauba) for soluble pectin (table II) . Because pectins affect the texture and conservation of fruits, they are among the most essential ingredients of the agroindustry (especially in jam production) and confer palatability and attractive appearance on processed foods [31] . The high pectin and acidity contents in fruit pulps can favor gelling in jam production. On average, our fruits were low in pectins, with the exception of nance, carnauba and assai. On the other hand, high levels of pectin and starch can make manual pulp extraction difficult. One way to improve pulp yield is by using amylase-and pectinase-containing enzyme complexes in mechanical extraction [37] .
Conclusions
The quality properties found for some of the eighteen fruits included in our study carried out on samples collected in Brazil clearly indicate a potential for in natura consumption and agroindustrial processing. Assai, acerola, cashew apple, mangaba and yellow mombin were found to be within or above standards required by the Brazilian Ministry of Agriculture and Food for fruit pulp produced from these fruits. However, the high levels of pectin and starch in some of the fruits can make juice and nectar production difficult, but this can be overcome by the introduction of enzyme complexes into the processing technique.
